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(57) ABSTRACT

A transistor includes source region and drain regions, a chan-
nel region, a drift region, a gate, a dummy gate, a gate dielec-
tric layer and an interconnection line. The source and drain
regions of a first conductivity type are in a substrate. The
channel region of a second conductivity type 1s 1n the sub-
strate and surrounds the source region. The drift region of the
first conductivity type 1s beneath the drain region and extends
toward the channel region. The gate 1s over the substrate and
overlapped with the channel region and the drift region. The
dummy gate 1s over the drift region and laterally adjacent to
the gate. The gate dielectric layer 1s between the gate and the
substrate and between the dummy gate and the drift region.
The interconnection line 1s electrically connected to the
dummy gate and configured to provide a voltage potential
thereto.

6 Claims, 8 Drawing Sheets
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TRANSISTOR AND METHOD OF
MANUFACTURING THE SAMEL

BACKGROUND

Power semiconductor devices including high-voltage inte-
grated circuits (ICs) are currently being used 1in many appli-
cations. The high-voltage ICs that typically include high volt-
age metal-oxide-semiconductor (MOS) transistors are
widely used 1n applications like automobile industry, display
drivers, portable telecommunication devices and medical
equipment.

A commonly used high-voltage MOS ftransistor for the
high-voltage ICs 1s a laterally diffused MOS (LDMOS) tran-
sistor. The LDMOS transistor often possesses high break-
down voltage and thus can be utilized for these high-voltage
applications. However, the higher the breakdown voltage of
the LDMOS transistor typically scarifies the device pertor-
mance.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It 1s noted that, 1n accordance with the stan-
dard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the various features may be
arbitrarily increased or reduced for clarity of discussion.

FIG. 1 1s a cross-sectional view of a general transistor.

FIG. 2 1s a cross-sectional view of a general transistor.

FI1G. 3 1s a cross-sectional view of a general transistor.

FI1G. 4 15 a cross-sectional view of a general transistor.

FIG. 5 1s a cross-sectional view of a transistor in accor-
dance with some embodiments of the present disclosure.

FIG. 6 1s a cross-sectional view of a transistor in accor-
dance with some embodiments of the present disclosure.

FIG. 7 1s a cross-sectional view of a transistor in accor-
dance with some embodiments of the present disclosure.

FIG. 8 1s a cross-sectional view of a transistor in accor-
dance with some embodiments of the present disclosure.

FIG. 9 1s a cross-sectional view of a transistor 1n accor-
dance with some embodiments of the present disclosure.

FIGS. 10A-10F are cross-sectional views at various stages
of manufacturing a transistor i accordance with some
embodiments of the present disclosure.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the provided subject matter. Specific examples ol compo-
nents and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and
are not intended to be limiting. For example, the formation of
a first feature over or on a second feature in the description
that follows may include embodiments in which the first and
second features are formed 1n direct contact, and may also
include embodiments in which additional features may be
formed between the first and second features, such that the
first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters in the various examples. This repetition 1s for
the purpose of simplicity and clarity and does not 1n 1itself
dictate a relationship between the various embodiments and/
or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be used
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herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1n
use or operation 1n addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other ornientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

As mentioned above, the higher the breakdown voltage, the
worse the device performance 1s. In contrast, the better the
device performance, the worse the breakdown voltage 1is,
which 1s related to device reliability. That 1s, the device per-
formance and the device reliability are trade off.

FIGS. 1-4 are cross-sectional views of general transistors.
As shown 1n FIG. 1, a transistor 10 includes a source region
SR, a drain region DR, a channel region 112, a drift region
114, a gate G, a gate dielectric layer 122 and a protective layer
140. The channel region 112 and the drift region 114 are in a
substrate 110. The source region SR and the drain region DR
are respectively 1n the channel region 112 and the drift region
114. The gate G, the gate dielectric layer 122 and the protec-
tive layer 140 are over the substrate 10. The transistor 10 may
provide high drain current but exhibit low time dependent
dielectric breakdown (TDDB) and device breakdown since
drain field may be directly penetrated to an edge of the gate G
when the transistor 10 1s at an off state, which results 1n poor
device reliability.

As shown in FIG. 2, atransistor 20 includes a source region
SR, a drain region DR, a channel region 112, a drift region
114, a gate G, a gate dielectric layer 122, a protective layer
140 and an 1solation region 160. The 1solation region 160 may
be a shallow-trench isolation (STI) region or a field oxide
(FOX) region. The transistor 20 can provide good device
reliability due to the presence of the 1solation region 160, but
exhibits very poor device performance due to long drain
current path.

As shown in FI1G. 3, atransistor 30 includes a source region
SR, a drain region DR, a channel region 112, a drift region
114, a gate G, a tloating dummy gate FDG, a gate dielectric
layer 122 and a protective layer 140. The floating dummy gate
FDG 1s designed to prevent current passing near a surface of
the dnit region 114 and to increase resistance of the drift
region 214 when the transistor 30 1s at on state. However,
when the transistor 30 1s at off state, drain field may be
directly penetrated to an edge of the gate G. In order to meet
requirements of device reliability, a length of the drift region
114 or the gate G should be increased, which 1s unfavorable to
device size and device performance.

As shown in F1G. 4, atransistor 40 includes a source region
SR, a drain region DR, a channel region 112, a driit region
114, a gate G, a floating dummy gate FDG, a gate dielectric
layer 122, a protective layer 140 and a counter implant region
170. The difference between the transistors 30, 40 of FIGS.
3-4 1s that the transistor 40 further includes the counter
implant region 170 designed to suppress drain field and thus
to improve device reliability when the transistor 40 1s at off
state. However, device performance 1s poor when the transis-
tor 40 1s at on state due to long drain current path. In addition,
there 1s a need for an additional mask for forming the counter
implant region 170, which requires extra cost.

In view of the foregoing, the present application provides a
transistor including a source region, a drain region, a channel
region, a driit region, a gate, a dummy gate, a gate dielectric
layer and an 1nterconnection line. The interconnection line 1s
clectrically connected to the dummy gate and configured to
provide a voltage potential to the dummy gate. The dummy
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gate receiving the voltage potential 1s configured to let drain
current pass near a surface of the drift region, and thus to
significantly increase drain current and improve device per-
formance when the transistor 1s at on state. Embodiments of
the transistor and a method for manufacturing the transistor
will be sequentially described below 1n detail.

FIG. 5 1s a cross-sectional view of a transistor 1n accor-
dance with some embodiments of the present disclosure. The
transistor 50 includes a source region SR, a drain region DR,
a channel region 212, a drift region 214, a gate GG, a dummy
gate DG, a gate dielectric layer 222 and an interconnection

line 250.

The source region SR and the drain region DR are of a first
conductivity type and 1n a substrate 210. In some embodi-
ments, the substrate 210 includes an elementary semiconduc-
tor including silicon or germanium 1n crystal, polycrystalline,
or an amorphous structure; a compound semiconductor
including silicon carbide, galllum arsenide, galllum phos-
phide, indium phosphide, indium arsemde, and imndium anti-
monide; an alloy semiconductor including S1Ge, GaAsP, All-
nAs, AlGaAs, GalnAs, GalnP, and GalnAsP; any other
suitable material; or combinations thereof. In some embodi-
ments, the substrate 210 1s an n-type or p-type semiconductor
substrate. In some embodiments, the transistor 530 1s an n-type
transistor, and the substrate 210 1s a p-type semiconductor
substrate. In some embodiments, the transistor 50 1s a p-type
transistor, and the substrate 210 1s an n-type semiconductor
substrate. In some embodiments, each of the source region SR
and the drain region DR has a dopant concentration ranging
from about 10"® ions/cm” to about 10°" ions/cm”.

The channel region 212 of a second conductivity type
opposite to the first conductivity type 1s 1n the substrate 210
and surrounds the source region SR. In some embodiments,
the transistor 50 1s an n-type transistor, and the channel region
212 includes p-type dopants, such as boron, boron ditluoride,
or another suitable p-type dopants or a combination thereof.
In some embodiments, the transistor 50 1s a p-type transistor,
and the channel region 212 includes n-type dopants, such as
phosphorus, arsenic, antimony, bismuth, selenium, tellurtum,
another suitable n-type dopants or a combination thereof.

The drift region 214 of the first conductivity type 1s beneath
the drain region DR and extends toward the channel region
212. In the embodiments shown 1n FIG. 5, the drift region 214
1s separated from the channel region 212. In other embodi-
ments, the driit region 1s laterally adjacent to and 1n contact
with the channel region. In some embodiments, the transistor
50 1s an n-type transistor, and the drift region 214 includes
n-type dopants, such as phosphorus, arsenic, antimony, bis-
muth, selenium, tellurtum, another suitable n-type dopants or
a combination thereof. In some embodiments, the transistor
50 1s a p-type transistor, and the drift region 214 includes
p-type dopants, such as boron, boron difluoride, or another
suitable p-type dopants or a combination thereof.

The gate G 1s over the substrate 210 and overlapped with a
portion of the channel region 212 and a portion of the drit
region 214. In some embodiments, the gate G 1s a single layer
structure or a multi layer structure. In some embodiments, the
gate G includes metal, alloy, ceramet, ceramal or a combina-
tion thereof. The term *“ceramet” refers to a composite mate-
rial composed of ceramic and metallic materials. The term
“ceramal” refers to a composite material composed of
ceramic and alloy materials. In some embodiments, the gate
G 1ncludes titamum (T11), tantalum (Ta), tungsten (W), alumi-
num (Al), zircomium (Zr), hatnium (Hf) or a combination
thereot. In some embodiments, the gate G includes polysili-
con or another suitable materials. The material of the gate G
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may be selected 1n accordance with the conductive type (1.¢e.,
n-type or p-type) of the transistor 50.

The gate G has a work function. The term “work function”™
refers to the mimimum energy (usually expressed 1n electron
volts) needed to remove an electron from a neutral solid to a
point immediately outside the solid surface (or energy needed
to move an electron from the Fermi energy level into
vacuum). Here “immediately” means that the final electron
position 1s far from the surface on the atomic scale but still
close to the solid surface on the macroscopic scale.

The dummy gate DG1 1s over the drnift region 214 and
laterally adjacent to the gate G. In some embodiments, the
dummy gate DG1 1s a single layer structure or a multi layer
structure. In some embodiments, the dummy gate DG1
includes metal, alloy, ceramet, ceramal or a combination
thereof. In some embodiments, the dummy gate DGI1
includes titanium (11), tantalum (Ta), tungsten (W), alumi-
num (Al), zircommum (Zr), hatmium (HI) or a combination
thereof. The material of the dummy gate DG1 may be selected
in accordance with the conductive type of the transistor 50.

In some embodiments, the dummy gate DG1 includes
metal, such as titantum (11), tantalum (Ta), tungsten (W),
aluminum (Al), zirconmium (Zr), hatntum (Hf) or other suit-
able metals. In some embodiments, the dummy gate DG
includes alloy, such as titanium aluminum (1T1Al), tantalum
aluminum (TaAl), tungsten aluminum (WALI), zirconium alu-
minum (ZrAl), hafnium aluminum (HfAl), a combination
thereof or other suitable alloys. In some embodiments, the
dummy gate DG1 includes ceramet, such as titanium nitride
(TiN), tantalum nitride (TalN), titanium silicon nitride (11-
S1N), tantalum silicon nitride (TaSiN), tungsten silicon
nitride (WS1N), titanium carbide (11C), tantalum carbide
(TaC), a combination thereof or other suitable ceramets. In
some embodiments, the dummy gate DG1 includes ceramal,
such as titantum aluminum carbide (T1AIC), tantalum alumi-
num carbide (TaAlC), titanium aluminum nitride (T1AIN),
tantalum aluminum mitride (TaAlIN), a combination thereof or
other suitable ceramals. The element ratio of the alloy, cer-
amet or ceramal can be adjusted, and 1s not limited to those
exemplified above.

The dummy gate DG1 has a work function. The work
function of the gate G may be the same as or different from the
work function of the dummy gate DG1. In practical applica-
tions, the work function and the distribution location of the
dummy gate DG1 may be designed to meet the requirements
of device performance and device reliability.

The gate dielectric layer 222 1s between the gate G and the
substrate 210 and between the dummy gate DG1 and the drift
region 214. In some embodiments, the gate dielectric layer
222 includes a dielectric material such as silicon oxide, sili-
con nitride, silicon oxymitride or another suitable imsulating
material.

The interconnection line 2350 1s electrically connected to
the dummy gate DG1 and configured to provide a voltage
potential to the dummy gate DG1. The dummy gate DG1
receiving the voltage potential 1s configured to let drain cur-
rent pass near a surface of the drift region 214, and thus to
significantly increase drain current and improve device per-
formance when the transistor 50 1s at on state. Moreover, the
interconnection line 250 and other interconnection lines (not
shown), such as interconnection lines respectively electri-
cally connected to the source region SR and the drain region
DR, may be simultaneously formed, and thus there 1s no need
for extra process to form the interconnection line 250.

In some embodiments, the interconnection line 250
includes metal, alloy, ceramet, ceramal or a combination
thereol, such as titanium (11), tantalum (Ta), tungsten (W),
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aluminum (Al), copper (Cu), molybdenum (Mo), platinum
(Pt), titanium aluminum (T1AI), titanium nitride (TiN), tan-
talum nitride (TaN), titan1um silicon nitride (T1S1N), titanium
carbide (T1C), tantalum carbide (TaC), tantalum carbonitride
(TaCN), molybdenum nitride (MoN), molybdenum oxyni-
tride (MoON), ruthenium oxide (Ru0O2), titanium aluminum
nitride (T1AIN), a combination thereof or other suitable mate-
rials. In some embodiments, the gate G 1s electrically con-
nected to the dummy gate DG1 by forming an inter-layer
dielectric (ILD) (not marked) over the gate G and the dummy
gate DG1, forming openings (not marked) 1n the ILD layer,
and forming a conductive material in the openings to form an
interconnection line 252, as shown 1n FIG. 7, and thus both
the gate G and the dummy gate DG1 may receive a power
supply voltage (Vcc).

In some embodiments, the transistor 50 further includes a
protective layer (or called as spacer) 240. In some embodi-
ments, the protective layer 240 1s made of silicon oxide,
s1licon nitride, silicon oxynitride or another suitable materi-
als.

FIG. 6 1s a cross-sectional view of a transistor in accor-
dance with some embodiments of the present disclosure. The
difference between the embodiments of FIGS. 5 and 6 1s that
in FIG. 6, the transistor 60 further includes an 1solation region
260 1n the drift region 214 and adjacent to the drain region
DR. In some embodiments, the 1solation region 260 1s not
overlapped with the dummy gate DG1. The 1solation region
260 may be a shallow-trench 1solation (STT) region or a field
oxide (FOX)region. The transistor 60 can exhibit good device
reliability due to the presence of the 1solation region 160 and
good device performance due to the presence of the dummy
gate DG1 having the voltage potential when the transistor 60
1s at on state.

FIG. 7 1s a cross-sectional view of a transistor 1n accor-
dance with some embodiments of the present disclosure. The
difference between the embodiments of FIGS. 5 and 7 1s that
in F1G. 7, the gate G has a work function different from a work
tfunction of the dummy gate DG1. In some embodiments, the
gate G and the dummy gate DG1 1nclude metal, alloy, cer-
amet, ceramal or a combination thereof. The work function of
the gate G and that of the dummy gate DG1 may be deter-
mined by composition and element ratio. In some embodi-
ments, the work function of the gate G 1s smaller than the
work function of the dummy gate DG1 when the transistor 70
1s an n-channel transistor, and thus lateral drain field can be
blocked through the dummy gate DG1 when the transistor 70
1s at off state. In some embodiments, the work function of the
gate G 1s greater than the work function of the dummy gate
DG1 when the transistor 70 1s a p-channel transistor, and thus
lateral drain field can be blocked through the dummy gate
DG1 when the transistor 70 1s at off state. Accordingly, the
transistor 70 possesses good device performance and good
device reliability simultaneously. In addition, 1n the case of
the same device reliability, the transistor S0 may have a
smaller device size compared to the transistor 30.

FIG. 8 1s a cross-sectional view of a transistor in accor-
dance with some embodiments of the present disclosure. The
difference between the embodiments of FIGS. 7 and 8 1s that
in FIG. 8, the transistor 80 further includes another dummy
gate DG2 over the drift region 214 and laterally adjacent to
the dummy gate DG1. The dummy gate DG2 1s configured to
help the dummy gate DG1 to alter drain current and block
drain field. In some embodiments, the dummy gate DG2 15 a
floating dummy gate. In some embodiments, the dummy gate
DG2 1s electrically connected to the dummy gate DG1. In
some embodiments, the dummy gate DG2 has a work func-
tion the same as or different from that of the dummy gate
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DG1. In practical applications, the distribution location 1n a
top view, the voltage potential when the transistor 80 1s at on
state and the work function of the dummy gates DG1, DG2
are tunable to meet requirements of device performance and
device reliability, and thus not limited to the embodiments
exemplified 1n the specification. In addition, the transistor
may include three or more dummy gates.

FIG. 9 1s a cross-sectional view of a transistor 1n accor-
dance with some embodiments of the present disclosure. The
transistor 90 includes a source region SR, a drain region DR,
a channel region 212, a drift region 214, a gate GG, a dummy
gate DG1 and a gate dielectric layer 222. The gate G has a
work function different from a work tunction of the dummy
gate D(G1, and thus to block lateral drain field by the dummy
gate DG1 when the transistor 90 1s at off state, which results
in high breakdown voltage and good device reliability. In
some embodiments, the work function of the gate GG 1s smaller
than the work function of the dummy gate DG1 when the
transistor 90 1s an re-channel transistor. In some embodi-
ments, the work function o the gate G 1s greater than the work
function of the dummy gate DG1 when the transistor 90 1s a
p-channel transistor.

As mentioned above, each of the transistors 50, 60, 70, 80
can exhibit good device performance because of the dummy
gate DG1 having a voltage potential at on state. In another
aspect, cach of the transistors 70, 80, 90 can exhibit good
device reliability because the work tunction of the gate G 1s
different from that of the dummy gate DG1. It 1s noteworthy
that the device reliability of the transistors 70, 80, 90 can be
altered by changing the material of the dummy gate DG, and
thus it 1s not unfavorable to device size.

FIGS. 10A-10F are cross-sectional views at various stages
of manufacturing a transistor i accordance with some
embodiments of the present disclosure.

As shown in FIG. 10A, a substrate 210 having a driftregion
214 and a channel region 212 1s recerved. The driftregion 214
and the channel region 212 are in the substrate 210, and the
channel region 212 1s adjacent to the drift region 214. The
drift region 214 1s of a first conductivity type, and the channel
region 212 1s of a second conductivity type opposite to the
first conductivity type. The drnit region 214 1s acted as an
extension of a drain region to be formed subsequently. In
some embodiments, the drift region 214 1s formed by implan-
tation of the first conductive type dopants, and the channel
region 212 1s formed by implantation of the second conduc-
tive type dopants. The formation of the channel region 212
may be prior or next to the formation of the driit region 214.

As shown 1n FIG. 10B, a dielectric layer 220 and a gate
layer 230 are sequentially formed over the substrate 210. In
some embodiments, a dielectric material and a gate material
are sequentially blanket deposited on the substrate 210 to
torm the dielectric layer 220 and the gate layer 230. In some
embodiments, the dielectric material 1s blanket deposited
using a PVD process, a CVD process, a spin-on coating
process, a thermal dry oxidation, a thermal wet oxidation or
another formation process. In some embodiments, the gate
maternal 1s blanket deposited using a PVD process, a CVD
process, an ALD process, a plating process, a spin-on coating
process or another suitable formation process.

As shown 1n FIGS. 10B-10C, the gate layer 230 and the
dielectric layer 220 beneath the gate layer 230 are patterned to
form the gate G, the pre-dummy gate PDG and the gate
dielectric layer 222 over the substrate 210. The gate G 1s
overlapped with a portion of the channel region 212 and a
portion of the drift region 214. The pre-dummy gate PDG 1s
over the drift region 214 and laterally adjacent to the gate G.
The gate dielectric layer 222 1s between the gate G and the
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substrate 210 and between the pre-dummy gate PDG and the
driftregion 214. In some embodiments, the gate layer 230 and
the dielectric layer 220 are patterned using a photolithogra-
phy/etching process or another suitable material removal pro-
CEesS.

As shown 1 FIG. 10D, a protective layer (or called as
spacer) 240 1s formed covering sidewalls of the gate G and
sidewalls of the pre-dummy gate PDG. In some embodi-
ments, a protective material 1s blanket deposited covering the
gate (G, the pre-dummy gate PDG, the gate dielectric layer
222, the channel region 212 and the driit region 214, and a
trimming process, such as an anisotropic dry etch process, 1s
then performed on the protective material to form the protec-
tive layer 240. In some embodiments, the protective material
1s made of silicon oxide, silicon nitride, silicon oxynitride or
another suitable materials.

After the protective layer 240 1s formed, a source region SR
and a drain region DR are respectively formed 1n the channel
region 212 and the drain region 214, as shown 1n FIG. 10D.
The source region SR and the drain region DR are of the first
conductivity type. In some embodiments, the first type
dopants are implanted into a selective area of the channel
region 212 and a selective area of the drift region 214 to form
the source region SR and the drain region DR.

As shown in FIG. 10E, the pre-dummy gate PDG 1s
removed to form a cavity 230a confined by the protective
layer 240. In some embodiments, the pre-dummy gate PDG 1s
removed using a wet etching process, and the protective layer
240 1s not removed due to selectivity of the etchant.

As shown 1n FIG. 10F, a dummy gate DG1 1s formed 1n the
cavity 230qa. In some embodiments, the dummy gate DG1 1s
formed by deposition, such as CVD process, a PVD process,
an ALD process, a spin-on coating process or another forma-
tion process. In some embodiments, the metal-containing,
material includes metal, alloy, ceramet, ceramal or a combi-
nation thereof.

In some embodiments, the method further includes form-
ing an mterconnection line 250 electrically connected to the
dummy gate DG, as shown 1n FIG. 7. In some embodiments,
before the interconnection line 250 1s formed, an 1nter-layer
dielectric (ILD) (not shown) 1s formed covering the source
region SR, the drain region DR, the channel region 212, the
drift region 214, the gate G and the dummy gate DG1. The
ILD may be formed using a CVD process, a PVD process, an
ALD process, a spin-on process or another suitable formation
process. The ILD 1s then patterned to form an opening (not
shown), and a conductive material 1s then filled 1n the opening
to form the interconnection line 250. In some embodiments,
the ILD 1s patterned using a photolithography/etching pro-
cess, a laser drilling process or another suitable material
removal process. In some embodiments, the conductive mate-
rial 1s formed using a CVD process, a PVD process, an ALD
process, a spin-on coating process or another formation pro-
CEess.

According to some embodiments, a transistor includes a
source region, a channel region, a driit region, a gate, a
dummy gate, a gate dielectric layer and an interconnection
line. The source region of a first conductivity type and the
drain region of the first conductivity type are 1n a substrate.
The channel region of a second conductivity type opposite to
the first conductivity type 1s 1n the substrate and surrounds the
source region. The drift region of the first conductivity type 1s
beneath the drain region and extends toward the channel
region. The gate 1s over the substrate and overlapped with a
portion of the channel region and a portion of the drift region.
The dummy gate 1s over the drift region and laterally adjacent
to the gate. The gate dielectric layer 1s between the gate and
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the substrate and between the dummy gate and the drift
region. The interconnection line 1s electrically connected to
the dummy gate and configured to provide a voltage potential
to the dummy gate.

According to some embodiments, a transistor includes a
source region, a channel region, a dnit region, a gate, a
dummy gate and a gate dielectric layer. The source region of
a first conductivity type and the drain region of the first
conductivity type are 1n a substrate. The channel region of a
second conductivity type opposite to the first conductivity
type 1s 1n the substrate and surrounds the source region. The
drift region of the first conductivity type 1s beneath the drain
region and extends toward the channel region. The gate1s over
the substrate and overlapped with a portion of the channel
region and a portion of the dnit region. The dummy gate 1s
over the drnift region and laterally adjacent to the gate, 1n
which the gate has a work function different from a work
function of the dummy gate. The gate dielectric layer is
between the gate and the substrate and between the dummy
gate and the drit region.

According to some embodiments, a substrate having a drift
region 1n the substrate and a channel region 1n the substrate
and adjacent to the drift region 1s recerved. The drift region 1s
of a first conductivity type, and the channel region 1s of a
second conductivity type opposite to the first conductivity
type. A gate, a pre-dummy gate and a gate dielectric layer are
formed over the substrate. The gate 1s overlapped with a
portion of the channel region and a portion of the driit region.
The pre-dummy gate 1s over the driit region and laterally
adjacent to the gate. The gate dielectric layer 1s between the
gate and the substrate and between the pre-dummy gate and
the drift region. A protective layer 1s formed covering side-
walls of the gate and sidewalls of the pre-dummy gate. A
source region and a drain region are respectively formed 1n
the channel region and the drift region. The source region and
the drain region are of the first conductivity type. The pre-
dummy gate 1s removed to form a cavity. A dummy gate 1s
formed 1n the cavity.

The foregoing outlines features of several embodiments so
that those skilled 1n the art may better understand the aspects
of the present disclosure. Those skilled i the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled 1n the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

What 1s claimed 1s:

1. A transistor, comprising:

a source region ol a first conductivity type and a drain
region of the first conductivity type 1n a substrate;

a channel region of a second conductivity type opposite to
the first conductivity type 1n the substrate and surround-
ing the source region;

a drift region of the first conductivity type beneath the drain
region and extending toward the channel region;

a gate over the substrate and overlapped with a portion of
the channel region and a portion of the drift region;

a metal-containing material over the drift region and later-
ally adjacent to the gate, wherein the gate has a work
function different from a work function of the metal-
containing material and the gate 1s electrically con-
nected to the metal-containing material; and
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a gate dielectric layer between the gate and the substrate
and between the metal-contaiming material and the drift
region.

2. The transistor of claim 1, wherein the work function of
the gate 1s smaller than the work function of the metal-con-
taining material when the transistor 1s an n-channel transistor.

3. The transistor of claim 1, wherein the work function of
the gate 1s greater than the work function of the metal-con-
taining material when the transistor 1s a p-channel transistor.

4. The transistor of claim 1, wherein the metal-containing
material comprises titanium aluminum (T1Al), tantalum alu-
minum (TaAl), tungsten aluminum (WAI), zirconium alumi-
num (ZrAl), hatnium aluminum (HfAl), or a combination
thereof.

5. The transistor of claim 1, wherein the metal-containing
material comprises titanium nitride (TiN), tantalum nitride
(TaN), titantum silicon nitride (T1Si1N), tantalum silicon
nitride (TaSiN), tungsten silicon mitride (WS1N), titanium
carbide (Ti1C), tantalum carbide (TaC), or a combination
thereol.

6. The transistor of claim 1, wherein the metal-containing
material comprises titanium aluminum carbide (T1AIC), tan-
talum aluminum carbide (TaAlC), titantum aluminum nitride
(T1AIN), tantalum aluminum nitride (TaAlIN), or a combina-
tion thereof.
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